Abstract. Agricultural eco-efficiency is an important quantitative index measuring the development of agricultural eco-efficiency in a region, as well as one of the decision-making directions of resisting high-risk ecological risk. In this paper, centered on the agricultural eco-efficiency evaluation, empirical analysis of agricultural eco-efficiency of Fujian from 2003 to 2013 was carried out with DEA model data envelopment method by constructing the comprehensive evaluation index system of agricultural eco-efficiency, and comprehensive evaluation was conducted from the comprehensive technical efficiency, pure technical efficiency and scale efficiency. Moreover, research conclusions would provide corresponding suggestions for the improvement of agricultural eco-efficiency in Fujian Province.
Introduction
Agriculture, as the basic sector in the national economic development, enjoys considerable development after the reform and opening-up, and the overall agricultural productivity also reaches a new level. However, owing to the long-term predatory operation of agriculture, the agricultural and rural ecological environment problems are getting more and more prominent, which severely restrains the long-term development of agriculture. In 2012, there was 150 million Mu of cultivated land being polluted, accounting for more than 1/10 of the total cultivated land, and the applying quantity of chemical fertilizer of each hectare was more than 400 kg; the annual applying quantity of pesticide had already been above 1.2 million tons, and about 50% penetrated into the soil and water; the polluted farmland was as high as 9 million hectares, and most were in the economically developed areas. Agricultural production has already become the most important environmental pollution source in China. Modern agricultural development is the key to the construction of ecological civilization, and it bears the supply of agricultural products for 1.3 billion of people, as well as the historical task of constructing a beautiful China. Consequently, the study on the eco-efficiency of agricultural production and the improvement and reduction of the negative impact of agricultural production on the environment are of strong economic value and social significance.
Proposal of Eco-efficiency
German scholar Schaltegger and Sturn proposed the word eco-efficiency for the first time in the report of WBCSD (World Business Council for Sustainable Development) in 1992. Afterwards, scholars of various countries moved the attention to studies on eco-efficiency, and the industrial circle defined eco-efficiency as a mode process of maximizing the industrial additional value and minimizing the resource consumption and pollution with a series of scientific and management methods. OECD (Organization for Economic Cooperation and Development) considered that eco-efficiency referred to the efficiency of ecological resources of meeting human demands in 1998, and it gained the extensive recognition from the academic circle and the society [1] ; in 2000, WBCSD pointed out that the realization of eco-efficiency mainly satisfied the high-quality living standard of human, and minimized the impact on environment to the estimated bearing capacity of the earth throughout the entire life cycle [2] ; EEA (European Environment Agency) and EFG-IFC also advocated that eco-efficiency would create the most benefits with the minimum input into the natural world, so as to improve the sustainability of resources in a more efficiency production means. Definitions recommended by WSCSD, Ellipson Consulting Company of Swiss and EEA are widely accepted across the world, namely eco-efficiency equals the specific value of economic value added and environmental influence. Fussler [3] introduced the eco-efficiency into China successfully, and after years of development, domestic studies on eco-efficiency have obtained positive progress. Based on the introduction of advanced foreign concepts and theory, some cognition systems and value methods applicable for the China's national conditions take shape initially (Zhou Zhenfeng, 2007 ; Cheng Cuiyun, Ren Jingming, Wang Rusong, 2014; Zhang Zilong, Lu Chenyu, 2014) [4] [5] [6] .
Comparison and Selection of Common Eco-efficiency Evaluation Method
The selection of an evaluation method is an important link in the construction of eco-efficiency evaluation system, as well as the basis of follow-up evaluation and analysis. Whether the evaluation method selected is scientific and effective is directly related to the fact of the evaluation result can reflect the real conditions of the evaluation targets and test the practicability of the evaluation analysis result. Therefore, selection, analysis and comparison of scientific and reasonable agricultural eco-efficiency evaluation method system shall be the emphasis of the paper.
Although distinct organizations hold different definitions of eco-efficiency, it can be regarded as the "output-input ratio" in a broad sense. Eco-efficiency can be represented by two dimensions, namely the economy and ecology, and its evaluation methods can be summarized by the following three types, including the economy/environment single ratio method, index system model method, benchmarking (level comparison). Each evaluation method has its own advantages and disadvantages, and it is greatly related to all evaluation targets. As for the current research status, the data envelopment analysis method DEA of the non-parametric analysis method is relatively applicable for evaluating the agricultural eco-efficiency. DEA was firstly proposed by the famous American operational research expert Charnes Cooper and Rhodes, et al. based on the concept of "relative efficiency evaluation", and its characteristics were: firstly, it could deal with the evaluation model of multiple inputs and outputs, without the affirmation of preset function, and it can reduce the estimation of parameters, which is relatively feasible in treating the practical problems; secondly, the efficiency calculated refers to the relative efficiency, which is free from the impact of input and output measurement unit, and it also indicates the relation between the input and output of a decision unit with a specific value (maximum value is 1), without the preset weighted value, and it can deal with combinations integrating different inputs and outputs. Meanwhile, it can also deal with the data of sequence and ratio scale, with great elasticity in data processing. Finally, it can compare the relative efficiency value of DMU and learn how much shall DMU increase or decrease (or both) the input and output for achieving the effective state. Therefore, analysis and evaluation is launched for the DEA-based agricultural eco-efficiency, and it can be seen that since the DEA method has some defects, the way of scientific evaluation shall be adjusted and perfected on the basis of principles.
Construction of Agricultural Eco-efficiency Evaluation Index System
Considering the integrity, accessibility and reference of the statistical data, the agricultural eco-efficiency evaluation index system [7] is constructed from three aspects, including the environment, resource and economic development level, by following the principles of systematicness, scientificity, integrity, target and operability and by combining the particularity of agriculture, as shown in Table 1 . [8] ; Pollution of pesticide = applying quantity of pesticide *50% [9] [10] ; residual quantity of mulch = applying quantity of mulch *10% [11] [12] .
It shall also be considered during the selection of indexes that the empirical law insisted when the number of DMU samples is above two times of the sum of input and output, the reliability and interpretability of the analysis result is the highest. In this paper, 7 input-output indexes and 31 provinces are selected as DMU, which is in accordance with the empirical law of the DEA model. Secondly, in order to guarantee that all selected input and output indexes can indeed reflect its impact on efficiency, the input and output index data must meet the requirement of constant amplitude expansion, namely when the input increases, the output shall not decrease. In order to check if the selected input-output relation is reasonable, correlation matrix is verified in this paper, as shown in Table 2 . It can be learnt from Table 2 that input-output index presents the positive relation, indicating that the selected input-output index would impact the agricultural eco-efficiency of 31 provinces across the country.
Empirical Analysis of Agricultural Eco-efficiency in Fujian Province Based on DEA Model
Sample data selection and descriptive statistics analysis Seen from the overall descriptive analysis, 31 provinces and cities were distinct in agricultural development level slightly. The standard deviation of the total value of agricultural output of 31 provinces and cities over the past decade was 19.1064 million Yuan, in which, the sample region with the maximum total value of agricultural output was in Shandong, while the minimum was in Tibet Autonomous Region, and the specific ratio of the maximum and minimum was 65.89. Seen from the comparison of the standard deviation and maximum and minimum value, there were certain slight differences in the overall agricultural development level among these provinces and cities. Meanwhile, it also showed that it is quite one-sided to measure the eco-efficiency with a single environment index, but it is difficult to obtain the eco-efficiency of comprehensive environment index with simple totaling, however, the measurement with DEA model can solve the problem.
Agricultural Eco-efficiency Analysis Based on DEA Model
Dynamic horizontal comparison and analysis
In this paper, DEAP2.1 software is employed for the measurement according to the input-oriented CCR and BCC model, and the TE, PTE and SE obtained are the value of agricultural eco-efficiency, as shown in Table 4 . Note: "irs" stands for increasing returns to scale, "drs" for decreasing returns to scale, and "-" for constant returns to scale. Data source: it is sorted according to the measurement result of DEAP2.1.
From the analysis of comprehensive technical efficiency, the average agricultural eco-efficiency of 31 provinces and cities across the country was 0.913 from 2003 to 2013, meaning that it failed to reach the effective production frontier, but the comprehensive technical efficiency of Fujian was 1.000, exceeding the average national level and reaching the effective production frontier, suggesting that the agricultural eco-efficiency of Fujian kept improving from 2003 to 2013, in a favorable development trend. There were 17 provinces and cities whose comprehensive technical efficiency reached 1.000, for instance Beijing, Inner Mongolia, Liaoning, Jilin, Shandong, Shanghai, Jiangsu, etc. accounting for 54.84% of total samples. Provinces ranking in the end were Gansu 0.470 and Shanxi 0.514, about half of the provinces reaching effective production frontier, with great distinctions from the sample mean.
From the analysis of pure technical efficiency, the pure agricultural technical efficiency in Fujian was 1.000, reaching the effective production frontier, suggesting that the input of all indexes received corresponding output. There were 21 provinces and cities whose pure technical efficiency reached 1.000, for instance Beijing, Tianjin, Inner Mongolia, Liaoning, Jilin, Shanghai, Jiangsu, etc. accounting for 70.98% of total samples. The agricultural eco-efficiency of Fujian was about 2.016 times of the minimum 0.496 in Gansu, there had not been severe resource waste and ecological pollution in agricultural production in most areas of Fujian, and the overall technology was at a high level, which was the fundamental index promoting the improvement of comprehensive agricultural eco-efficiency.
From the analysis of scale efficiency, the scale efficiency of agriculture ecology in Fujian was 1.000, excluding few provinces reaching the effective production frontier, most provinces were ranging between 0.850 and 1.00. Besides, Fujian was at a relatively high level, meaning that the scale efficiency of agricultural ecology was above the average, and it was a decision-making index promoting the improvement of the comprehensive efficiency agricultural ecology.
From the analysis of returns to scale, that of the agricultural eco-efficiency of Fujian province stayed the same, in stable improvement stage. Provinces presented the declining returns to scale included Tianjin, Shanxi, Anhui and Yunnan, and the increase of output ratio was relatively smaller than the increase of input. Some practices of moderate control of scale should be taken for these provinces, for restricting the excessive use of chemical fertilizers and improving the level of agricultural eco-efficiency. There were eight provinces showing growing returns to scale, for instance, Hebei, Heilongjiang, Jiangxi, Henan, Hunan, Guizhou, etc. and the increase of agricultural output would be greater than the increase of input, with tremendous advantages and potential of scale and output expansion. Therefore, the return to scale of most provinces and cities from 2003 to 2013 were in constant or increasing state, and the output-input was in constant improvement. Fujian Province showed a favorable development trend in this index.
In order to further analyze the development of agricultural eco-efficiency in Fujian Province, DEA-Malmquist method was applied to divide the reasons for the efficiency changes into the technical changes and technical efficiency changes, and further divide the technical efficiency changes into the pure technical efficiency changes and scale efficiency changes. In order to analyze efficiency evolution state of all components of agricultural eco-efficiency in Fujian clearly, please see Table 5 for details. Note: EFF-ch stands for technical efficiency change, TECH-ch for technical change, and PE-ch for pure technical efficiency change, SE-ch for scale efficiency change, and TFP-ch for total factor productivity change.
It can be observed from Table 5 that from 2003 to 2013, the TFP -ch of Fujian was 1.108, and the agricultural eco-productivity reached 10.8%, presenting a growing trend. The province with the maximum TFP-ch among 31 provinces was Xinjiang 1.160, and the minimum was Tibet 0.989, and Fujian was the eighth among 31 provinces. The Effch of Fujian was 1.000, suggesting that the efficiency of agricultural eco-technology was improved steadily. The province with the maximum Effch was 1.08 in Shanxi, and the minimum was 0.959 in Inner Mongolia, and Fujian ranked the 13 th . The pure technical efficiency and scale efficiency of agricultural ecology in Fujian was 1.000, ranking the 13 th , and the maximum was 1.052 in Shanxi, while the minimum was 0.977 in Inner Mongolia. The technical change of agricultural ecology in Fujian was 1.108, ranking the 5 th , and the maximum was 1.128 in Ningxia, while the minimum was 0.989 in Tibet. In conclusion, excluding the impact of agricultural technical changes, Fujian ranked the 13 th in agricultural eco-efficiency among the 31 observational samples, in above average level, and there was still a huge space in the improvement and perfection of efficiency.
Dynamic longitudinal comparison and analysis
The measurement of horizontal time series was conducted on the basis of input-oriented CCR and BCC model with DEAP2.1 software and relevant data for the index of Fujian province from 2003 to 2013. The TE, PTE and SE obtained were shown in Table 6 . According to Table 6 , agricultural eco-efficiency of Fujian province was improved constantly from 2003 to 2013 and the returns to scale gradually decreased from variability to the optimal unit constant returns to scale, which reached the effective production frontier in 2013. From the analysis of the subdivided eco-agriculture pure technical efficiency of Fujian province remained at 1 from 2003 to 2013, which continuously and stably promoted the growth of agricultural eco-efficiency; from the analysis of the subdivided eco-agriculture scale efficiency of Fujian province from 2003 to 2013, there were large fluctuations in 2003-2008 while it remained constant growth in the rest years, which presented a gradual ascending trend comprehensively and reached the optimal production unit in 2013. During the research period, it was obvious that scale efficiency was the major driving factor to promote the eco-agricultural comprehensive efficiency of Fujian province reaching the optimal production unit. But Fujian province currently belonged to Norman and Barry's marginal efficiency unit in comprehensive efficiency classification. In other words, once the input or output value was changed, its efficiency would properly depart from effective production frontier [13] [14] . Therefore, aiming at present practical situation, Fujian province shall constantly improve binding indicator standard on chemical fertilizer, pesticide and agricultural film and increase utilization of renewable resources on the basis of keeping the pure technical efficiency at the optimal unit.
Conclusion
70% of land area in Fujian Province is the mountainous area, in which there are relatively less and disperse cultivated lands, with high degree of crushing. Steep hill plantation is widespread, and terrain is complicated, so planting and breeding scale is small. There is a good ecological condition and foundation, while it also lacks ecological protection awareness and relevant talents, and as a result, it is subjected to the risk of environmental pollution and fast ecological changes. Analysis on the agricultural eco-efficiency of Fujian province is an important entry point to implement the breakthroughs in agricultural space by introducing the ecological concepts, as well as the reflection of the impact of technological disparity and scale disparity in agricultural production on the environment after identifying major restriction factors in agricultural development within the scope. The efficiency evaluation of this paper is a relative efficiency evaluation, which will reflect the condition of agricultural eco-efficiency to some extent. But limited by data, overall agricultural system synthetic data of the evaluation object is adopted in efficiency value calculation, and the selected indexes are more inclined to planting industry, without a comprehensive consideration of the difference in the interior structure of agricultural production, which might lead to the difference of agricultural eco-efficiency value. Ideal agricultural eco-efficiency measurement method shall fully consider the impact of evaluation target on the different combinations of the agricultural production system, which is also the further direction of further studies.
